Until recently, the disorder was believed to occur only in adults. ADPKD has now been reported in the fetus and newborn as well as in the juvenile and adult. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] The disease can become symptomatic in childhood and even in infancy. 18 We report five cases of ADPKD diagnosed in the antenatal or neonatal period by sonographic eval-uation and a pos itive family history. The purpose of this paper is to review the sonographic findings and the clinical cause, and to compare our findings to eight cases of sonographic evaluation of ADPKD in the fetus and young infant (birth through 3 months of age) in the literature.
MATERIALS AND METHODS
From 1979 to 1985, five cases of ADPKD in a fetus or neonate «1 month) were detected by ultrasonography.
All of these cases had one parent positive for ADPKD. These cases were collected from four different medical institutions; two of these cases were examined at the University of Colorado Health Sciences Center. The technical aspects of the examinations varied, due to the fact that the cases were collected from several different sites. Images varied from real-time images only to a combination of static and real-time images.
Obstetrical sonograms were evaluated for gestational age, fetal renal size, renal appearance, amount of amni-otic fluid, fetal bladder, liver cysts, or other fetal anomalies" Renal enlargement was determined by the criteria set by Lawson. 19 Neonatal sonograms were evaluated for renal size and appearance, presence or absence of cysts in the kidney and liver, and other anomaHes. Renal enlargement was determined by criteria set by Han and Babcock.20 CJinical follow~up included birth outcome, sonograms when possible, and clinical renal (unction. Pathology by necropsy was available in two neonates in our series.
We reviewed published sonographic findings in eight cases of ADPKD in the fetus and neonate. All cases had a parent with ADPKD.
CASE REPORTS
Case 1 An obstetrical ultrasound was performed un a woman with ADPKD at 36 weeks' gestational age because of a positive family history of ADPKD. Approximately 1 I/: years previous to this examination, she delivered a child with no (Fig. 1A) . The fetal bladder was present, and amni· otic fluid was normal in amount. No liver cysts or other fetal anomalies were visualized. Another obstetrical ultrasound was performed at 40 weeks' gestational age confirming the findings of the first examination. A normal vaginal delivery resulted in a term infant with congenital absence of the right hand. A neonatal sonogram performed at 8 days of age showed large, echogenic kidneys. The right kidney measured 6.2 cm in length and the left 8.1 cm in length. The cyst in the left upper pole measured 3.3 cm in diameter; no other renal cysts and no liver cysts were apparent. The initial serum creati· nine concentration was increased, but returned to normal within 24 h. The baby was mildly hypertensive and was treated with propranalol. A sonogram at 2 years of age revealed five cysts in the left kidney a nd five cysts in the right kid ney. Both kidneys were still enlarged but were no longer dense. A sonogram performed at 4 years 10 months of age showed approximately 16 cysts involving bilaterally enlarged PRETORIUS ET AL 251 kidneys, a typical appearance for ADPKD (Fig. 18) . The child was asymptomatic with normal renal function and a negative urinalysis at that time. Blood pressure was at the upper limits of normal; however, no antihypertensive treatment had been rendered for the past year.
Cast! 2 This fetus is a younger sibling of the child presented in Case 1. An obstetrical ultrasound conducted at 23 1 12 weeks demonstrated enlarged, echogenic kidneys (Fig. 2) . Right and left kidney measured 3.8 cm in length (normal, 2.5 ± 0.3 cm).
No renal or liver cysts were seen. The amniotic fluid was slightly decreased; however, no other congenital anomalies were visualized. A repeat antenatal ultrasound was performed 6 days later confirming the findings of the first examination. A therapeutic abortion was conducted shortly after the sonogram. On gross pathology the kidneys were enlarged, each weighing 20 g. The medulla contained numerous dilated ducts or tubule-like cystic structures of variable size. The microscopic findings were found to be consistent with ADPKD or medullary cystic disease.
Case 3 A premature infant was delivered at 32 weeks' gestational age secondary to premature labor. Oligohydramnios was noted at birth. Potter's facies and moderate pulmonary hypoplasia were present. The abdomen was markedly distended with bilateral masses.
A neonatal ultrasound was performed at 2 h of age demonstrating enlarged kidneys with multiple small cysts. The right kidney measured 9.3 em in length, the left 10.1 cm in length. No liver cysts were present. The infant died at 4 h of age of respiratory distress after extubation. Pathology revealed massively enlarged kidneys with variable sized cysts involving all portions of the nephron, classic of ADPKD.
Following postmortem diagnosis of ADPKD in this infant, both parents were scanned and the father was found to have multiple variable sized cysts consistent with ADPKD and the mother had normal renal architecture. Previously the diag y nosis had been unsuspected in the father. Upon review of family history, the fraternal grandmother was found to have ADPKD.
Cast! 4 A premature infant of 31 weeks' gestationlll age was delivered by C-section to a mother with ADPKD. Antenatal ultrasounds were performed at 13, 27, and 31 weeks' gestational age. The kidneys appeared normal in size and echogenicity. The amniotic fluid was normal in amount and a btadder N/A, no cysts was present. A neonatal ultrasound performed at 25 days of age showed normal sized kidneys with two cortical cysts. Liver cysts were not seen on the antenatal or neonatal ultrasound. Renal function was normal at birth. At 25 months of age renal function was impaired with the blood urea nitrogen and creatinine of 28 mg/dl and 3.4 mg/dl. respectively; the ultrasound scan was technically poor and no cysts were detected.
Case 5 Antenatal ultrasounds were performed at 31, 35" 37, and 38+ gestational weeks of age. The father had multiple renal cysts by ultrasound, an appearance compatible with ADPKD. The scan at 31 weeks revealed enlarged, echogenic fetal kidneys, the right measuring 7 cm in length, and the left 6 cm in length (normal, 3.4 ± 0.5 cm) (Fig. 3) . No cysts were seen in the kidneys or liver. The amniotic fluid was slightly decreased on the first examination; however, on follow-up examinations the amount of fluid was normal. The follow-up antenatal examinations confirmed the abnormal appearance of the kidneys. A bladder was present on all of these antenatal examinations.
At birth no other apparent abnonnalities were present. The renal function was normal. A neonatal ultrasound was performed on the first day of life. It showed enlarged, echogenic kidneys with several 2-3 mm cysts. No liver cysts were present. At 8 months of age, the infant was clinically stable with normal renal function . A follow-up ultrasound has not been performed.
RESULTS
The sonographic appearance of ADPKD in the fetus and young infant are given in Table 1 . Eleven of 13 cases had renal enlargement. In only 10 cases was echogenicity reported, and nine of these 10 had increased echogenicity of the renal parenchyma. Six of the 13 cases had cysts large enough to be detected by ultrasound. Three cases in our series had antenatal and neonatal sonograms: progression of cyst formation, with an increase PRETORlUS ET At 253 in the size and number of cysts, was seen in all three cases. In one of these cases, the fetal kidneys were nor· mal on the antenatal sonogram, and two cortical cysts were later apparent on the neonatal sonogram at 25 days of age. Analysis of family history in the 13 cases reviewed revealed that in every case, one parent had ADPKD. In six of the 13 cases, the positive parent was unaware of his or her disease until after diagnosis of the affected child. In two of the 13 cases, the diagnosis of ADPKD in the mother was made incidentally during antenatal so· nography of an affected fetus. The remaining five parents were aware of their disease prior to the birth of the affected infant.
Data regarding clinical outcome are given in Table 2 . Ten of the 13 fetuses and young infants are alive, with eight of 10 having normal renal function at the time of follow -up. Two of the 10 living infants had decreasing renal function. Three of the 13 cases were dead, one from sepsis, one from respiratory distress associated with hyaline membrane disease, and one therapeutic abortion was performed at 23 1 12 gestational weeks. The age at the time of follow-up ranged from 2 months to 4 years 10 months.
DISCUSSION
The appearance of the kidneys is widely variable in the fetus and young infant with ADPKD ( Table 1) . Renal enlargement (85%) was the most common and most helpful sonographic finding. Approximately 50% of the patients already had cysts large enough to detect by ultrasound in the fetal or young infant period. In our series of five patients, progression of cyst formation in size and/or number was seen in three cases. Increased renal echogenicity was suggested in nine of 10 cases. Though increased echogenicity is a rather subjective finding, it is important and should be present in the fetus and young infant. Increased echogenicity has been reported in infantile polycystic kidney disease, fetal renal dysplasia, and medical renal disease. 21 -23 The diagnosis of ADPKD has been made antenatally by ultrasound in six fetuses; the earliest diagnosis was made at 23 1 12 weeks, allowing for termination. The diagnosis may not always be made this early; in two cases, normal sonograms in the second trimester became abnormal in the third trimester. Potter describes ADPKD (Type Ill) as the only variety of cystic disease to involve the collecting tubule as well as the nephron; in addition, normal and abnormal nephrons are intermixed. 24 The ampulla, the advancing portion of the ureteral bud, stimulates tubule division and nephron induction. Potter felt that ampullary injury resulted in the cystic changes. The timing of the insult as well as the severity of the insult determine the extent of ampullary injury which, in turn, determines the degree to which renal function is impaired. The variability in ampullary injury produces a spectrum of disease, with severe disease resulting in early cyst formation, poor renal function, and possible death in jnfancy. The opposite end of the spectrum is mild involvement with survival into old age. 24 The pathologic findings of ADPKD in a 14-week fetus suggests that the anomaly responsible for the production of cysts is present from nephrogenesis and that it is not secondary to an acquired insult.
-lS
The pathology without the family and clinical history may be confusing. Potter stated that in ADPKD different portions of the kidney may vary in appearance, especially in the infant. Numerous small cysts or variably sized cysts may be scattered throughout the parenchyma. Individual portions of the kidney may be excluSively cystic or contain no cysts. Occasionally the pathologic appearance can be very similar to medullary sponge kidney with large or small cysts involving the papilla, as in Case 2. In addition, the changes in children can be identical to those in the adult (Case 3) except for increasing size of cysts with age, 24 The differential d iagnosis for re nal cystic disease in the fetus and newborn 3 -18 should include ADPKD, autosomal recessive PKD, trisomy syndromes (e.g., 13, 18, and triploidy), Sturge-Weber syndrome, Zellweger syndrome, Lawrence-Moon-niedl syndrome, tuberous sclerosis, and Jeune's syndrome. The variation in renal presentation of ADPKD emphasizes the difficulty in diagnosing it from the sonogram alone . . ADPKD can be difficult or impossible to distinguish sonographically from autosomal recessive (infantile type) polycystic kidney disease; certainly differentiation of these two diseases is critical since the prognosis for ADPKD is much better than for autosomal recessive PKD. Like ADPKD, the sonographic appearance of autosomal recessive PKD is quite variable. The classic sonographic appearance in this recessive type of renal cystic disease is that of enlarged kidneys with increased echogenicity of the renal parenchyma. Cysts are rarely seen. The renal borders are usually poorly defined. 21 The appearance of a definite renal anomaly in a fetus at risk for a specific congenital renal disease indicates occurrence of the disease. 25 A family history of ADPKD is a critical element in making the diagnosis of ADPKD in the fetus or neonate. Renal cystic disease diagnosed in the fetus or neonate should lead to the investigation of the family history and family screening. Ultrasound is the imaging method of choice for family screening. 26 Although every case in this review had one parent affected with ADPKD, only five of 13 (38%) were aware of their disease prior to their pregnancy. Seventy-five percent of ADPKD is not recognized clinically and is detected only at postmortem examination.V" Genetic counseling in families with J Ultrasound Med 6:249 -255,1987 ADPKD is a difficult problem since the clinical diagnosis is usually made in the third and fourth decade of life, well into the reproductive years. 28 Establishing the diagnosis of ADPKD in the fetus or neonate could have important implications in the future family planning of a parent unaware of his or her own disease, as well as in the genetic counseling of the child. 3 ,18 Antenatal ultrasound should be considered in all fetuses at risk for ADPKD. Historically it was thought that this autosomal dominant type of renal cystic disease presented only in the adult.24 Increased awareness that ADPKD does occur in utero will result in increased detection of this disease in the fetus. The early detection of ADPKD allows for proper clinical care. The antenatal diagnosis of the disease gives the parents more information regarding prognosis and possible termination of pregnancy, if the diagnosis is made in the second trimester.
Prognoses and definite conclusions cannot be determined from the relatively short follow -up in the limited number of cases reviewed in this paper. The prognosis is certainly not uniformly lethal, and in fact may be reasonably favorable. In fact, 10 of the 12 fetuses and young infants (one therapeutic abortion excluded) were alive and eight of 10 had normal renal function at the time of follow -up (range, 2 months to 4 years, 10 months). tndeed, two infants had died, one secondary to sepsis and one from hyaline membrane disease, probably related to prematurity (32 weeks' delivery) and pulmonary hypoplasia. Unfortunately, oligohydramnios complicated the latter case, and it is unknown whether it contributed to the death. In general, when oligohydramnios is seen in the setting of fetal renal disease, pulmonary hypoplasia may occur, and it definitely does affect neonatal outcome.
CONCLUSION
ADPKD does occur in the fetus and young infant and should be part of the differential consideration in a fetus and young infant with renal cystic disease. ADPKD in the fetus and young infant usually presents ultrasonographically with nephromegaly and increased echogenicity of the renal parenchyma. Cysts mayor may not be present initially, but they usually increase in size and number with increasing age. Renal cystic disease diagnosed in the fetus and young infant should trigger an investigation of the family history and sonographic screening. Antenatal sonography should be considered in all fetuses at risk for ADPKD. Early diagnosis of ADPKD allows for proper clinical care and genetic counseling of the affected infant, as well as parents of the affected infant. The prognosis of the fetus and young infant with ADPKD evaluated by ultrasound is uncertain secondary to the smal1 numbers of cases and the short period of time over which they were followed. It does not appear to be universally lethal, and may in fact be associated with a reasonably favorable prognosis. More follow-up is necessary before more definitive conclusions can be reached.
